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Question 1           (4 marks) 
Given the feedback filter defined by the difference equation: 
 
]1n[x]n[x5.0]2n[y]n[y −−⋅+−−=  
 
 
Question 1.1          (1 mark) 
Determine the z-transform operator representation H(z) for the system described by the 
difference equation.  
 
Question 1.2          (1 mark) 
Determine the poles and zeros of the system. Sketch a pole-zero plot of the system. 
 
Question 1.3          (1 mark) 
Determine the frequency response H(
^
ω ).  
 
Question 1.4          (1 mark) 
Determine the output y[n] for 4)
2
nsin(2]n[x −π+⋅π−⋅= . 
 
 
Question 2           (3 marks) 
 






ω−πω−ω−πω−π− −+−−⋅=ω  
 
Question 2.1          (1 mark) 
Determine the impulse response h[n] of this system. Sketch the impulse response. Describe 
in words what this system does. 
 
 
Question 2.2          (1 mark) 








1]n[x π−π⋅+−δ−=  
 
Determine the output y[n] for ∞<<∞− n . 
 
Question 2.3          (1 mark) 




eAe]n[x ωφ=  
 
for what values of 
^
ω , where 
^
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Question 3           (3 marks) 
 
A linear time-invariant system has the following impulse response: 
 
]4n[]3n[4]2n[6]1n[4]n[]n[h −δ+−δ⋅+−δ⋅+−δ⋅+δ=  
 
 
Question 3.1          (1 mark) 
Determine the frequency response H(
^
ω ) of the system.  
 
Question 3.2          (1 mark) 
Derive a function for the amplitude and phase of the frequency response. 
 
Question 3.3          (1 mark) 
The input to the system is: 
 
1)2/nsin(2]n[x −π−π⋅=  
 
Determine an equation for the output of the system y[n] corresponding to the above input 
x[n]. Give an equation for y[n] that is valid for all n.  
 
 
Question 4           (2 marks) 
 




1]n[y −+−⋅+−⋅=  
 
Question 4.1          (1 mark) 
 
Determine all poles and zeros of the transfer function H(z) of this IIR filter. 
 
 
Question 4.2 (1 mark) 
 
Derive the response h[n] of the IIR filter for ∞<<∞− n  using the z Transform table. Sketch 
the impulse response from n = 0 to n = 6. 
 
 
Question 5           (3 marks) 
 
The following difference equation describes a linear time-invariant filter: 
 
]2n[x]n[x]2n[y25.0]n[y −++−⋅=  
 
Question 5.1          (1 mark) 
 
Determine the system transfer function in the z-domain for this filter. Determine all poles and 
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j  )e(H 
^





Question 5.3          (1 mark) 
 










Question 6           (3 marks) 
 
A system is defined by a z-domain transfer function with three zeros at z = j, z = -j, z = -1 and 
three poles, all at z = 0. The gain at 
^
ω  = 0 is 1.  
 
Question 6.1          (1 mark) 
 




Question 6.2          (1 mark) 
 
Determine the frequency domain response of this system and derive two simple formulas 
(without complex terms and without square roots) for the magnitude versus 
^
ω  and the 
phase versus 
^
ω . Make a sketch of the  )e(H 
^
jω  (absolute value of the magnitude) versus 
^
ω  
and the phase versus 
^





4 ^ . 
 
 
Question 6.3          (1 mark) 
 





n2cos(]n[x π−⋅⋅π+π+⋅⋅π−= . 
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